On the basis of the results of extensive phenotypic studies and DNA-rRNA and DNA-DNA hybridizations performed by Palleroni, Stanier, and their collaborators, the genus Pseudomonas was divided into five groups (15, 35, 37, 51). Additional phylogenetic data have shown that these groups are only very remotely related and that each of them in fact contains species belonging to several other genera (11, 12, 64). Most authors agree that the taxon Pseudomonas includes representatives of multiple genera (3,11,36,50) along with the authentic pseudomonads, which are grouped around Pseudomonas aeruginosa. Although several studies have been performed, the taxonomy and nomenclature of the different groups and their relatives are far from resolved.
Pseudomonas rRNA group I11 (section I11 [35] ) is part of the acidovorans rRNA complex in rRNA superfamily I11 (7) or the beta subclass of the Proteobacteria (49). In addition to the species belonging to Pseudomonas section 111, the acidovorans rRNA complex comprises a wide variety of bacterial species that belong to several genera that are phylogenetically only remotely related to this rRNA complex (26, 39,61). This confusing situation is gradually being corrected. In 1985 the genus Comamonas was revived (13), and later Pseudomonas acidovorans and Pseudomonas testosteroni were transferred to this genus as separate species (54). In a polyphasic study of the acidovorans rRNA complex, we revised the classification of several taxa in this group; Xanthomonas ampelina was transferred to the new genus Xylophilus (61), the genera Hydrogenophaga and Acidovorux were created for several Pseudomonas species (58, 60), and the genus Variovorax was created for Alcaligenes par-adoxus (62). We have proposed that the acidovorans rRNA complex should be recognized as a new bacterial family, the Comamonadaceae (59).
In this paper we describe the relationships of the following phytopathogenic, generically misnamed Pseudomonas species and subspecies which belong to the acidovorans rRNA complex: Pseudomonas avenue, Pseudomonas rubrilineans, "Pseudomonas setariae," Pseudomonas cattleyae, Pseudomonas pseudoalcaligenes subsp. citrulli, and Pseudomonas pseudoalcaligenes subsp. konjaci.
Pseudomonas avenue was first described by Manns (30) as the cause of leaf blight on oats in Ohio. In 1922 Rosen (42) described a similar disease on foxtail in Arkansas but gave the pathogen a new name, "Pseudomonas alboprecipitans," because of physiological differences. Schaad et al. (45) compared isolates from diseased corn in Georgia and Florida with the previous descriptions of Pseudomonas avenae and "Pseudomonas alboprecipitans" and concluded that the latter name is a later synonym of Pseudomonas avenae. The name Pseudomonas avenue was retained on the list of Young et al. (66) and on the Approved Lists of Bacterial Names (47).
Red stripe disease on sugarcane is caused by Phytomonas rubrilineans (29) . In 1942 this species was transferred to the genus Xanthomonas (52), and in 1962 Hayward (22) extended its description and placed it in the genus Pseudomonus.
In 1934 Okabe (33) described brown stripe disease on Setaria italica and named the pathogen "Bacterium setariae." This species was later transferred to the genus Pseudomonas (44). Young et al. (66) considered "Pseudomonas setariae" to be a separate species, but it was not included on the Approved Lists (47) because the only extant strain was considered to be a member of Pseudomonas avenae (65) .
'LPseudomonas panici" (19) was designated (66) a patho-var of Pseudomonas syringae van Hall 1902 on the basis of the single named extant strain. This pathogen has been confused with Pseudomonas panicis (Nakata and Takimo 1922) Dowson 1943 (16) , an unrelated pathogen isolated from Panax quinquefoll'um (35) . None of these species was included on the Approved Lists (47). "Bacterium caftleyae" (later transferred to the genus Pseudomonas [44]) was first isolated from orchids by Pavarino (38) together with three other pathogens, "Bacillus farnetianus," "Bacillus pollacii," and "Bacterium krameriani." According to Elliott (17) these four taxa were incompletely described and could not be sufficiently differentiated. Later, pathogenic: isolates obtained from Cattleya and Phalaenopsis species in California, Italy, and The Philippines (1, 40) were identified as Pseudomonas cattleyae, which is also the only one of the names mentioned above that was included on the Approved Lists (47).
Two different plant diseases are ascribed to members of the species Pseudomonas pseudoalcaligenes. Leaf blight on watermelon, Citrullus lanatus (57) , is caused by Pseudomonus pseudoalcaligenes subsp. citrulli (46), while Pseudomonus pseudoalcaligenes subsp. konjaci (18) is a pathogenic organism that has been isolated from the leaves of the konjac plant (Amorphophallus konjac).
MATERIALS AND METHODS
Bacterial strains. The strains which we studied are listed in Table 1 . These organisms were grown as described previously (39, 62). For the sake of clarity, names of taxa which are generically misnamed according to our phylogenetic data are enclosed in brackets below.
Polyacrylamide gel electrophoresis of proteins. .4) at 28°C. The method used to prepare whole-cell protein extracts and the procedure used for sodium dodecyl sulfatepolyacrylamide gel electrophoresis have been described previously (28) .
Isolation of high-molecular-weight DNA. Cells were grown for 2 to 3 days in Koux flasks on the solid medium described above. DNA was prepared by using the method of Marmur (31) .
DNA base composition. The mean guanine-plus-cytosine (G+C) contents were determined by using the thermal denaturation method (10) and were calculated by using the equation of Marmur and Doty (32) , as modified by De Ley (6).
DNA-rRNA hybridization. DNA was purified by CsCl gradient centrifugation and was fixed on cellulose nitrate filters (type SM 11358; Sartorius, Gottingen, Germany) as described previously (9). The amount of filter-fixed DNA was determined chemically (9, 55). 3H-labeled rRNA from [Pseudomonas] avenue NCPPB lollT (T = type strain) was prepared and purified by using the method described by De Ley and De Smedt (9). The specific activity of the 23s fraction was 95 x lo3 dpm F8-l. 23s [3H]rRNAs from Acidovoraxfacilis ATCC 1122gT (specific activity, 63 X lo3 dpm . pg-l) and Cumamonas acidovorans Stanier 14T (60 X lo3 dpm . pg-') and 23s [14C]rRNA from Xylophilus ampelinus NCPPB 2217' (3 x lo3 dpm . pg-l) were available from members of our research group (11, 60, 61) . Each hybrid was characterized by its T,,(,, [T,(,, is the temperature, in degrees Celsius, at which 50% of a DNA-rRNA duplex is denatured].
DNA-DNA hybridization. The degrees of binding were determined by using the initial renaturation rate method (8) as described previously. Renaturations were performed in 2~ SSC ( l x SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7.0) at the optimal renaturation temperature of 82.0"C, with a total DNA concentration of 0.106 mM base pairs. Degrees of binding of 25% or less indicated that there was no significant DNA homology.
Auxanographic features. We used API galleries (types API 50CH, API 50A0, and API 50AA; API System S. A., Montalieu-Vercieu, France) to verify the assimilation of 147 organic compounds as sole carbon sources. A total of 34 ph ytopathogenic Pseudomonas strains and 29 reference strains were tested by using the procedure described previously (27) . Nine strains were tested in duplicate on separate occasions to verify the reproducibility of the test.
Numerical analysis of auxanographic features. The tests were scored as described previously (43) . Of the 147 features tested, 25 were not included in the numerical analysis because they had the same quantitative value. The levels of interstrain similarity (S) were calculated by using a similarity coefficient derived from the Canberra metric coefficient (dCANB) (48) and the following equation:
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A cluster analysis was performed by using the unweighted average pair group method (48), the CLUSTAN 2.1 program of Wishart (63) , and the Siemens model 7570-C computer of the Centraal Digitaal Rekencentrum, Rijksuniversiteit, Ghent, Belgium.
RESULTS AND DISCUSSION
Generic and suprageneric relationships of the phytopathogenic [Pseudumonas] species belonging to the acidovorans rRNA complex. Previously published DNA-rRNA hybridization data (12, 58) We isolated two stable colony types from the original culture and labeled them t l and t2. Since both types produced almost identical protein electrophoretic patterns, we only used colony type t l .
PHB, poly-p-hydroxybutyrate. ' Data from reference 60.
' Data from reference 61.
Data from reference 12. and in hybridizations between DNAs from strains belonging to the [Pseudomonas] avenae branch and rRNAs from members of the other branches in the acidovorans rRNA complex (Table 2) (39, 58, 60, 62) .
The rRNA branch containing the type species, Pseudomonas aeruginosa, is part of rRNA superfamily I1 (11) in the gamma subclass of the Proteobacteria and represents the authentic pseudomonads . Pseudomortas pseudoalcaligenes subsp. pseudoalcaligenes is part of this group (11). Phylogenetically, it is evident that all Pseudomonas species belonging to the acidovorans rRNA complex (rRNA superfamily I11 or the beta subclass of the Proteobacteria) should be transferred from the genus Pseudomonas to a more suitable genus, either existing or newly created. To accommodate the group of phytopathogenic species belonging to the [Pseudornonas] avenae rRNA branch, a new genus, or the following previously described genera might be candidates: Acidovorax (60), Comamonas (54), Hydrogenophaga (58), Variovorax (59), and Xyfophilus (61). The genus Xylophilus is ruled out because it contains only yellow-pigmented strains, is isolated exclusively from infected vines, and grows extremely slowly even at its optimal temperature of 24°C. The genus Hydrogenophaga contains only yellow-pigmented hydrogen-oxidizing strains, and the genus Variovorax contains yellow-pigmented strains with much greater metabolic versatility than the strains belonging to the [Pseudomonas] avenae rRNA branch. The genus Comamonas contains strains that have bipolar tufts of flagella, are not phytopathogenic, and have a carbon substrate assimilation pattern different from that of the phytopathogenic pseudomonads (Fig. 1) . The genus Acidovorax is more suitable phenotypically. In the dendrogram obtained by performing a numerical analysis of auxanographic features (Fig. l) , the phytopathogenic species formed a separate cluster that was linked most closely to the Acidovorax species. Clear-cut phenotypic A total of 122 auxanographic tests were used to produce the similarity coefficients derived from the Canberra metric distance coefficient as follows: S = 100 x (1 -dCANB). A., Acidovorax; C . , Comamonas; H., Hydrogenophaga; V., Variovorax.
differentiation from this genus was not possible ( Table 4 ). Because of the high level of phenotypic similarity and the high level of rRNA cistron similarity, we propose that the phytopathogenic species should be transferred to an emended genus Acidovorax. The fact that the various species of this genus occur in different ecosystems (soil, water, and clinical and plant material) is remarkable but not unique. A similar situation is found in the genus Xanthomonas (53). Characteristics that differentiate the emended genus Acidovorax from the other genera in the acidovorans rRNA complex are shown in Table 5 .
Relationships of the phytopathogenic strains within the genus Acidovurax. We studied the species and infraspecific relationships by using protein gel electrophoresis, DNA-DNA hybridization, DNA-rRNA hybridization, and numerical analysis of auxanographic features. Since the phytopathogenic strains formed a separate rRNA branch (Fig. 2) , they were not considered members of the three previously recognized Acidovorax species. This was confirmed by the absence of any significant levels of DNA binding between representative strains (Fig. 3) (Fig. 3) . The first subgroup comprised strains of [Pseudomonas] avenue, [Pseudomonas] rubrilineans, and "[Pseudomonas] setariae," with levels of DNA binding of 75 to 100%. These organisms had very similar protein patterns (Fig. 4) , and in the auxanographic analysis all of these strains except strain NCPPB 2399 clustered at an S value of more than 91% (Fig. 1) ; strain NCPPB 2399 was aberrant because it failed to grow on L-arabinose, D-galactose, and D-fucose (Table 6 ). The names of these three species can be considered synonymous, as was shown previously for The second subgroup contained two [Pseudomonas] cattleyae strains with a level of DNA binding of 95% (Fig. 3) . The protein patterns of these organisms (Fig. 4) were very similar to those of members of the first subgroup. These strains formed a separate phenon, which was linked to the [Pseudomonas] avenue phenon at an S value of 87% (Fig. 1) . One of the strains in this subgroup was the type strain of [Pseudomonas] cattleyae. Previously, it has been shown that two other strains of this taxon (strains NCPPB 1874 and ICMP 3992) belong to the Pseudomonas jluorescens rRNA branch and are not related to the [Pseudomonas] cattleyae type strain (12) . The phenotypic description of [Pseudomo- 
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80.6 76.1 (Fig. 3) . These organisms had similar protein patterns that were different from the patterns of the members of the two subgroups described above (Fig. 4) . In f +, present in at least 90% of the strains; d, present in 11 to 89% of the strains; -, absent in at least 90% of the strains.
the auxanographic analysis these strains formed a separate phenon that was linked to the other phytopathogenic "pseudomonads" at an S value of 82% (Fig. 1) (Fig. 4) , and the absence of significant DNA binding between the type strains (Fig. 3) . We propose that the taxa belonging to the first group described above should be placed in a single species, for which, because of precedence, the name Acidovorax avenue should be used. Three subspecies in this species are described below. Finally, a second group comprised strains of [Pseudomonus pseudoalcaligenes] subsp. konjaci. The levels of DNA binding of these strains were 98 to loo%, and they exhibited no significant DNA binding with strains belonging to the first group (Fig. 3) . The protein patterns of these organisms were very similar; they clearly differed from those of the strains belonging to the first DNA group (Fig. 4) . These strains formed a separate phenon that was linked to the [Pseudomonas] avenue and [Pseudomonas] cattleyae phena at an S value of 85% (Fig. 1) . The protein patterns of these strains were similar to those of [Pseudomonas pseudoalcaligenes] subsp. citrulli and were clearly different from those of Pseudomonas pseudoalcaligenes subsp. pseudoalcaligenes (Fig. 4) ; the type strains of the two taxa did not exhibit any significant level of DNA binding (Fig. 3) found by Hu et al. (23) . Therefore, we cannot agree with the taxonomic conclusions of these authors concerning the konjac plant pathogens. The results of our polyphasic study described above also did not allow placement of [Pseudomonas] cattleyae in Acidovorax avenae sensu stricto; as shown in Fig. 1, 3, and 4 1990 . The original description of the genus Acidovorux is extended with the characteristics given below. Cells are straight to slightly curved rods that are 0.2 to 0.8 by 1.0 to 5.0 km; they occur singly, in pairs, or in short chains. Motile by means of one polar flagellum or, rarely, by means of two or three polar flagella. On nutrient agar colonies are round with smooth to slightly scalloped or spreading margins. Sometimes different margin types which cannot be isolated as stable forms occur in one culture. Colonies are convex, smooth to slightly granular, and beige to faintly yellow. A translucent marginal zone may be present. At 30°C diameters of 0.5 to 3 mm in 3 days and 4 mm in 7 days can be attained. Acidovorax species occur in soil, water, clinical samples, and infected plant material. Some of the phytopathogenic strains produce a yellow1 to slightly brown diffusible pigment. The optimal growth temperature is 30 to 35°C. The DNA base composition as determined by thermal denaturation ranges from 62 to 70 mol% G + C. In DNA-rRNA hybridizations Acidovorax strains have Tmc,, values of at least 77°C versus rRNA from either Acidovorax avenae NCPPB lollT or Acidovorax facilis ATCC 11228T. The genus Acidovorax belongs to the family Comamonadaceae in the beta subclass of the Proteobacteria (rRNA superfamily 111) together with the genera Comamonas, Hydrogenophaga, Xylophilus, and Variovorax. Characteristics that differentiate the seven Acidovorax taxa are shown in Table 4 ' Late reaction (growth after 5 to 7 days).
Weak growth.
n. Avena, a genus of grasses; M. L. gen. n. avenae, of Avena) is the same as that given above for the genus. Additional characteristics are shown in Tables 4 and 6. The G+C contents of the DNAs range from 66.8 to 69.8 mol%.
Three subspecies are described below; each of these subspecies contains a group of strains which can be differentiated phenotypically and genotypically.
Description of Acidovorax avenae subsp. avenae (Manns 1909) comb. nov. Acidovorax avenae subsp. avenae contains strains that are pathogenic for various species of the
